ABSTRACT: Various types of external loads can be applied to the tunnel structure. In a shield tunnel, the vibration from the train may affect the behavior of the adjacent ground. In this study, the railway-induced vibration was estimated and applied to the shield tunnel through 3D numerical simulation. The effective stress analysis based on the finite difference method and Finn model was performed to investigate the potential of liquefaction below the tunnel. Furthermore, pore water pressure and displacement were monitored on a time domain; consequently, the liquefaction potential and dynamic response of the shield tunnel were analyzed. Consequently, it is confirmed that the generation of excess pore water pressure by train-induced vibrating load, however, the amount does not meaningfully affect the potential of liquefaction.
Introduction
Tunnel is one of the most important structures in transportation field to shorten the length of traffic routes and elapsing time. Nowadays, the progress and development of tunneling technology, the size and length of modern tunnel is getting larger and massive.
Various innovative tunneling methods have been invented and shield tunneling is one of them. Shield tunneling is normally applied to soft, weathered rock and soil to enhance the stability with rapid excavation.
A tunnel within loose and saturated granular soil is exposed to the liquefaction potential of surrounding soil; therefore, a dedicated analysis should be performed to secure the seismic stability of a tunnel.
A numerical analysis is one of the most important and convenient methods to investigate and predict the dynamic behavior of a tunnel. Do et al. (2014) performed a three dimensional numerical analysis on a shallow twin tunnel in soft ground and investigated the influence of the construction process between adjacent two tunnels. As a result, the simultaneous excavation of twin tunnels caused smaller structural forces and lining displacements, however, it could result in a higher surface settlement. Dias and Kastner In this study, a finite difference method was used to investigate the effect of train-induced vibration on the circumjacent soil. Especially, the liquefaction potential due to the propagation of the traffic vibration was analyzed by the numerical analysis.
Numerical modeling

3-D model
In order to analyze the dynamic behaviors of shield 
Constitutive model
The behavior of the generated 3-D model was assumed to be subjected to the elasto-perfectly plastic constitutive equations in the Mohr-Coulomb criterion.
Thus, the Mohr-Coulomb model was adopted to perform the static analysis. 
where,   ,   ,   , and   are the constant. In practical analyses, the relationships of those constants can be shown as follows: 
where,   is relative density of soil.
Rayleigh damping which can consider the mass and stiffness proportional damping was used in the present model. Fixed boundary condition was applied the edge of the generated grid in the static analysis, then, the free-field boundary was imposed in the lateral and longitudinal direction in the dynamic analysis to minimize the reflection of scattered waves from the dynamic source in the grid. The material properties are provided in Table 1 , and the applied to the model by grouping as shown in Fig. 2 .
Train-induced vibration
The vertical vibrating load by a train can be calculated by the design velocity, velocity impact factor, , axial load of a train, and trackbed pressure. Table 2 displays a train specification for estimating the train-induced vibration.
The vibrating load can be expressed by a sinusoidal shape and its frequency is calculated by the Equation (5).
where,  is the frequency,  is the design velocity of a train, and  is the wheel distance of each compartment. Therefore, the frequency is 3.5 Hz based on the Table 2 . The vibration loading type is sinusoidal by a general cosine function.
Next step to estimate the vibrating load is to determine the maximum trackbed pressure,   , as shown in Table 3 . Numerical analysis enables to estimate pore water pressure through wide area promptly, and the potential of liquefaction can be predicted based on the pore water pressure measurement. Table 4 shows the results. mm was estimated at the point 3, because the thickness of the soft layer is largest around the point 3, however, the difference of the displacement was not severe. 
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